A sensitive method for the simultaneous determination of Pb(II) and Cd(II) based on the formation of their complexes with rutin (RUT) and subsequent adsorptive deposition on a Nafion-mercury coated glassy carbon electrode (GC-NHgFE) is presented. The effects of various operational parameters such as pH, ligand concentration, accumulation potential, and time were optimized. The best experimental conditions found were: pH 3.5; C RUT : 0.10 mmol L -1 ; t ads : 100 s, and E ads : 0.15 V. Under these conditions, the reductions signals of Pb-RUT and Cd-RUT complexes are found at -0.29 V and -0.46 V, respectively, while no signal of free RUT was seen. The relationship between peak current and Pb(II), Cd(II) concentrations are linear in the 1.0-62.0 µg L -1 range. The detection limits (DLs) were found to be 0.16 and 0.06 μg L −1 for Pb(II) and Cd(II), respectively. Finally, the method was applied to the determination of Pb(II) and Cd(II) in water from the Ambala river (Colombia) and in commercial mineral water with satisfactory results.
INTRODUCTION
The US Environmental Protection Agency (US-EPA) has classified lead and cadmium as priority pollutants due to their toxicity at very low concentrations. They have chronic and acute effects on human health and are considered to be potentially deleterious to the environment. The toxicity of these metals is in part due to the fact that they accumulate in tissues as a result of their exposure to metals in food and in the environment 1,2. In extreme cases lead poisoning leads to health problems such as anaemia, renal dysfunction, and reduced intelligence quotient levels in children 3,4, while cadmium produces nausea and vomit and as a result of its prolonged exposure, toxaemia in the liver, emphysema in the lungs, proteinuria, hypertension, and anaemia 5,6. The International Agency for Research on Cancer classified lead and cadmium as chemicals that are probably carcinogenic to man. Since the concentrations of these metal ions are low in many natural waters, a highly sensitive and selective method is required for their simultaneous determination.
In trace analysis, mainly of heavy metal ions, anodic stripping voltammetry (ASV) and adsorptive stripping voltammetry (AdSV) have been the most popular electroanalytical techniques because of their speed, good selectivity and sensitivity, and low instrumentation cost compared to other methods. AdSV requires the presence of a ligand with adsorptive properties, the complexes must be formed quantitatively and quickly in solution, and they must be adsorbed on the electrode's surface and later the ligand or the metal are oxidized or reduced. The sensitivity of the method is directly related to the adsorption of the complex, and the adsorption of the complex is related to its net charge, size, and solubility 7-10. Table 1 summarizes some of the published works on the simultaneous determination of lead and cadmium applying ASV or AdSV techniques with different electrodes.
The present paper describes an adsorptive stripping procedure for the simultaneous determination of lead and cadmium in tap water and river water using rutin (RUT) (3,3',4',5,7-pentahydroxyflavone-3-rutinoside. Vitamin P) as complexing and adsorbing agent. Rutin is a phenolic compound widely distributed in plants such as black tea and apple peels. It is an antioxidant with pharmacological benefits including antitumor, antiinflammatory, antidiarrheal, antimutagenic, and myocardial protection, and immune-modulation, and it has renal protective effects on ischemia/reperfusion induced renal injury 11,12. Kang et al. reported the synthesis, characterization, and electrochemical properties of Cd(II), Co(II), Ni(II), Cu(II) and Zn(II) complexes with RUT using a glassy carbon electrode, and Giovani et al. reported the synthesis, spectral, and electrochemical properties of Al(III) and Zn(II) without analytical purposes 13,14. On the other hand, AdSV of Cu(II) or using an in situ plated lead film electrode have been used for indirect determinations of RUT [15] [16] [17] . Qu reported (in Chinese language) the determination of trace lead by AdSV on a RUT-modified carbon paste electrode 19, but the use of RUT for the simultaneous determination of lead and cadmium and later application in analysis of natural waters using Nafion-mercury coated glassy carbon electrode has not been reported yet.
EXPERIMENTAL

Apparatus
Stripping voltammetry measurements were made with a DropSens µStat 400 with 3 mm glassy carbon electrode. The reference electrode was Ag/AgCl/KCl 3 mol L −1 and the auxiliary electrode was platinum wire. pH was measured with an Ohaus model ST3100 pH meter.
Chemical and samples
Water used for dilution of the standard, reagents, and preparation of samples were obtained from Merck (Germany). and Cd(II) were used for validation of the method.
Procedure for the preparation of GC-NHgFE
Before the measurements, the glassy carbon electrode was polished using a polishing pad with 0.05 μm Al 2 O 3 slurry, rinsed with 0.3 mol L −1 HNO 3 and water for 5 min. The electrode was placed in 10 mL of Nafion with stirring (500 rpm) for 10 minutes. The solvents were left to evaporate at room temperature. The modified electrode GC-NE with mercury solution (GC-NHgFE) was prepared ex situ. The electrode was immersed in an electroanalytical cell containing the plating solution of Hg(II) (200 mg L −1 ), and the mercury film was formed by holding the working electrode potential at −1.30 V for 150 s. The same electrode was used in a series of measurements.
Adsorptive stripping voltammograms
Deionized water were added in the voltammetric cell. The pre-concentration step was then initiated for optimal t ads and E ads at a stirring speed of 500 rpm. After an equilibration time of 5 s, the voltammograms were recorded in the cathodic direction from 0.0 to −0.9 V using square wave modulation with 10 mV step amplitude, 100 mV pulse amplitude, and a frequency of 15 Hz. Each voltammogram was repeated three times. The calibration curves were obtained and linear regression and detection limits (DLs) were calculated. The DL was calculated from yDL = a + 3σ x/y and yDL = a + bDL, where a is the intercept, σ x/y is the random error in x and y, and b is the slope. In addition DL = xDL = 3s x/y /b, assuming that errors occur mainly in the y-direction [20] . The standard addition method was used to eliminate matrix effects.
Water samples
Commercial mineral water was purchased in a supermarket. Five river water samples were collected on February 20, 2016 , from three points of the Ambala river, which is close to Ibagué University (Ibagué, Colombia). The samples were collected in high-density polyethylene bottles which had been acid-washed and rinsed with deionized water. The collected river water samples were filtered with a syringe filter (0.45 µm). Samples were frozen until analysis. All data were obtained at room temperature (≈25 o C).
RESULTS AND DISCUSSION
Preliminary Experiments
It has been reported that the electrochemical oxidation of RUT ( 0.5 V) on the solid electrodes involves two electrons and two protons, producing 3,4-diquinone [21, however the reduction occurs at more negative potentials ( -1.2 V) and has not been studied. On the other hand, RUT forms neutral complexes with Pb(II) and Cd(II) with a 1:2 metal:ligand stoichiometry.
The electroanalytical performance of the mercury film electrode prepared ex situ for the adsorptive voltammetry measurements was examined using Cd(II) and Pb(II) with RUT as chelating agent. Fig. 1 shows the adsorptive voltammograms of Pb(II) and Cd(II) in the presence of RUT (0.09 mmol L −1 ) in phosphate buffer solution at pH 3.5 (0.002 mol L −1 ), using a glassy carbon electrode GCE (curve a); a Nafion-coated glassy carbon electrode GC-NE (curve b) and a Nafion-coated mercury film electrode, GC-NHgFE, (curve c). Step amplitude 10 mV; pulse amplitude 100 mV, and frequency 20 Hz.
With the GC and GC-NE the signals of Pb(II) and Cd(II) were not seen, and perhaps, due the electrochemical window at pH 3.5, the free signal of RUT was not seen with any of these electrodes. With the GC-NHgFE the two well-developed and separate stripping peaks at -0.29 and -0.46 V for Pb(II) and Cd(II), respectively, were observed. The signals of the free metal ion and the reduction of the corresponding complex with RUT are only slightly displaced, indicating that the complexes are not very stable. On the other hand, anodic stripping voltammetry (ASV), the most popular stripping voltammetric technique, is very adequate for the determination of Pb(II) and Cd(II). In adsorptive voltammetry higher sensitivity could be achieved in the presence of adequate rutin concentration. In anodic stripping voltammograms (Fig. 2a) , the oxidation peaks of lead and cadmium are seen at -0.09 and -0.29 V with peak currents of 3.28 and 5.34 µA, while in adsorptive stripping voltammograms (Fig.2b) the reduction peaks are seen at -0.26 and -0.46 V with peak currents of 12.80 and 7.35 µA for the same solution. The GC-NHgFE exhibit a well-developed adsorptive response and higher sensitivity for both metal ions. 
Influence of pH
The formation of the complexes, their stability, net charge, and adsorptive properties depend largely on the pH of the system. The influence of pH on the peak current of lead and cadmium were studied in the pH range of 2.0-3. RUT (E ads = -0.10 V and t ads = 60 s). The peak potentials of the Pb(II) and Cd(II) complexes shifted slightly toward more negative values with increasing pH, and as can be seen in Fig.3 , maximum peak current was obtained at pH 3.5 for both metal ions and was used for further experiments.
Influence of ligand concentration
RUT concentration had a considerable effect on the method's linear range and sensitivity. The effect of C RUT (range 0.01 to 0.12 mmol L -1 ) was studied for Pb(II) and Cd(II) at concentration levels of 24.0 μg L -1 (pH 3.5, phosphate buffer, E ads -0.10 V; t ads 60 s) and it is illustrated in Fig.4 . The results show that peak current increases with increasing ligand concentration up to 0.10 mmol L -1 and then tends slightly to level off. This behavior is due to competition of free RUT with lead and cadmium complexes for adsorption on the GC-NHgFE. An optimum ligand concentration of 0.10 mmol L −1 was used for further experiments. 24 .0 μg L −1 ; E ads -0.10 V; t ads 60 s. Other conditions as in Fig. 1 
Influence of accumulation potential and time (E ads , t ads )
The effect of the adsorption potential on the stripping peak current was studied in the 0.20 to -0.20 V range using 24.0 µg L -1 of lead and cadmium concentrations (pH 3.5, C RUT 0.10 mmol L -1 , t ads 60 s). As shown in Fig. 5A , the peak current of the complexes increases when the potential is changed from 0.20 to 0.15 V, and at more negative values it decreased sharply. An adsorptive potential of 0.15 V gives the best sensitivity for lead and cadmium and was selected for further measurements.
On the other hand, the effect of accumulation time was examined in the 10-110 s range. Peak current increased with increasing accumulation time prior to the potential scan, indicating that the Pb-RUT and Cd-RUT complexes are readily adsorbed on the GC-NHgFE. The peak current increased almost linearly with accumulation time until 90 s for the cadmium complex and 100 s for the lead complex, and then decreased slightly (Fig. 5B) . On the basis of this study, we decided to use an adsorption time of 100 s for all further measurements. 
Influence of instrumental variables.
The instrumental parameters studied were frequency, step amplitude, and pulse amplitude. Peak current increased as all the parameters increased. However, when the frequency was higher than 15 Hz the signal of the Pb-RUT and Cd-RUT complexes was very broad, losing resolution. A step amplitude of 10 mV, a pulse amplitude of 100 mV, and a frequency of 15 Hz were selected for further experiments. respectively (n = 7). Table 2 summarizes all the statistical and instrumental parameters. Fig. 1 The usefulness of the present method was evaluated by determining lead and cadmium in two synthetic drinking water samples spiked with 100 mg L 
Linear range, detection limit, and repeatability of the method
Water samples analysis
The proposed method was applied to the determination of lead and cadmium in water from the Ambala river (Colombia), getting Pb(II) concentrations of 3.0 ± 0.2 μg L −1 (five samples). The method was also applied to the analysis of three bottled mineral water samples, getting a Pb(II) concentration of 1.0 ± 0.1 μg L −1 . Cd(II) was not detected in any of these samples.
CONCLUSIONS
The determination of trace amounts of lead and cadmium were carried out by forming Pb-RUT and Cd-RUT complexes which are adsorbed on a glassy carbon electrode coated with a Nafionmercury film (GC-NHgFE). In the analyzed water samples the concentration of cadmium was too low. Normally, the reported Pb(II) and Cd(II) determinations were carried out by ASV. However, with our system the peak currents obtained by AdSV are higher than those obtained by ASV. On the other hand,
